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Abstract. A case study is presented to test the role several
different sources may play in populating the exterior cusp
with energetic (E >40keV) electrons. The properties of the
electrons measured in the exterior cusp are compared with
the expected signatures of three sources in order to weigh
the role each source may contribute in populating this re-
gion. The potential sources probed are: (1) solar energetic
electrons entering the cusp from the solar wind; (2) an equa-
torial magnetospheric source with particles drifting to high
latitudes on the dayside; and (3) a local source accelerating
the electrons in situ. From the observations it is likely that
local acceleration is the primary source of the energetic elec-
trons in the exterior cusp during this event.
Keywords. Magnetospheric physics (Energetic particles,
trapped; Magnetopause, cusp, and boundary layers; Magne-
tosheath)
1 Introduction
The magnetospheric cusps allow for the most direct entry of
shocked solar wind plasma into the magnetosphere (Frank,
1971; Heikkila and Winningham, 1971). In order to maintain
a pressure balance with adjacent magnetospheric regions, the
magnetic pressure in the exterior cusp must decrease to ac-
count for the increase in thermal pressure from the newly
injected plasma. The result is a diamagnetic cavity in the ex-
terior cusp. In some cases this can bring the magnetic ﬁeld
strength close to 0nT. This magnetic signature has been con-
ﬁrmed through many studies (Paschmann et al., 1976; Fair-
ﬁeld and Ness, 1972; Farrell and Van Allen, 1990). The spa-
tial extent of this diamagnetic region has been measured to
be up to 6RE (Fritz et al., 2003). Hereafter we will refer to
the cusp diamagnetic cavity as “CDC.”
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The CDC often hosts strong wave activity ranging from
ultra low frequencies (Chen and Fritz, 1998; Le et al., 2001)
up to the electron cyclotron plasma frequencies (Pickett et
al., 2001; Khotyaintsev et al., 2004). The waves have been
shown to be both right and left-handed polarized (Nykyri
et al., 2004). Large ﬂuxes of energetic ions and electrons,
with energies up to MeV and hundreds of keV respectively,
have also been observed in the exterior cusp. Zhang et al.
(2005) has shown through a statistical study with Cluster that
these energetic populations are a common feature. Ions with
E >28keV are present 80% of the time while electrons with
E >40keV are present on 22.5% of exterior cusp crossings
(Zhangetal.,2005). Pitchangledistributionsoftheenergetic
populations have shown these particles are primarily trapped
(Chen et al., 1997; Sheldon et al., 1998), but can also show
ﬂows traveling along ﬁeld lines out of the cusp (Whitaker et
al., 2006; Walsh et al., 2007). The origin of the energetic ions
observed in the exterior cusp has been a topic of debate in the
literature.
Chen and Fritz (1998) associated the presence of energetic
ions with ULF wave intensity in the cusp and proposed a res-
onance source energizing the population within the exterior
cusp. Further studies of wave properties in the CDC (Vo-
giatzis et al., 2008; Chen, 2008) have shown the conditions
are often sufﬁcient to energize both ions and electrons up to
the observed energies. Additional evidence for local accel-
eration was provided by Chen and Fritz (2001) and Fritz et
al. (2003) who showed the energetic population was com-
posed of both ionospheric (O+) as well as solar wind (He++,
O>+3) ions. The presence of both species with similar en-
ergies and intensity variability with time indicate a common
source. Pitch angle distributions of energetic ions trapped
and ﬂowing out of the cusp are also indicators of local ac-
celeration being the primary source (Whitaker et al., 2006;
Walsh et al., 2007).
In contrast, Chang et al. (1998) proposed ions accelerated
at the quasi-parallel bow shock are the dominant source for
the energetic ions in the exterior cusp. Magnetic ﬁeld lines
have been traced from the quasi-parallel bow shock to the
Published by Copernicus Publications on behalf of the European Geosciences Union.984 B. M. Walsh et al.: Cusp energetic electrons
27 Feb 2005
           
4
5
6
7
8
9
Z
(
R
e
)
10 8 6 4 2 0
X(Re)
4
3
2
1
0
-1
Y
(
R
e
)
C4
C3
C2
C1
Fig.1. TheorbitalprojectionsofClusterinGSMaredisplayed. The
bold region identiﬁes when the spacecraft were within the exterior
cusp. The dotted lines in the top panel show the TS04 magnetic
ﬁeld model (Tsyganenko and Sitnov, 2005) for reference.
cusp (Lin et al., 2007) showing these ions have access to the
cusp. Further evidence was provided by Trattner et al. (2001)
who analyzed the ion abundance ratios and concluded these
were also consistent with what would be expected with the
bow shock. If the quasi-parallel bow shock is the primary
source for energetic ions in the cusp and local energization is
not occurring, an additional source would have to provide the
observed energetic electron or ionospheric ion populations.
It has been suggested that these populations could come from
magnetospheric leakage at the magnetopause (Sibeck et al.,
1987) or through particles drifting to the dayside high lati-
tude region from the nightside (Blake et al., 1999).
The role of local acceleration of ions in the exterior cusp
has been a topic of recent scientiﬁc discussion, however the
role this region may play in energizing electrons up to hun-
dreds of keV has received less attention. In this study we use
a case study to analyze the properties of the energetic elec-
tron population in the cusp and test three potential sources
for the energetic electrons: (1) solar energetic electrons;
(2) outer equatorial ring current and radiation belt electrons;
and (3) electrons energized through local acceleration.
2 Observations: 27 February 2005
On 27 February 2005, all four Cluster spacecraft crossed
through the northern exterior cusp on an outbound pass. The
position of the spacecraft as they passed through the CDC
are shown in Fig. 1. The CDC is deﬁned with the follow cri-
teria: (1) magnetic variability identiﬁed by 1B/B > 20%;
(2) a depression of magnetic ﬁeld strength of greater than
20% when compared with adjacent magnetospheric regions;
and (3) stagnated or disturbed bulk ﬂow.
Although all four spacecraft passed through the CDC dur-
ing this event, we focus on the observations by C3 because
it is the only one with a full set of observations from each
instrument during the entire time period of interest. The
plasma and energetic ion observations from C3 are shown in
Fig. 2. Plasma moments were acquired through the Hot Ion
Analyzed (HIA) as part of the CIS instrument (R` eme et al.,
1997, 2001), the energetic ions were measured with RAPID
(Wilken et al., 1997, 2001), and the magnetic ﬁeld mea-
surements were measured with FGM (Balogh et al., 1997,
2001). At 17:49UT C3 transitions from the northern lobe to
the exterior cusp. At this time, the magnetic ﬁeld strength
decreased and became turbulent, and the plasma density in-
creased by an order of magnitude from 1 to 10cm−2. Inside
the CDC, the T⊥ and Tk components were similar. The bulk
ﬂow components were low and representative of the stag-
nant exterior cusp (SEC) described by Lavraud et al. (2002,
2004). At 19:47UT C3 crossed the magnetopause into the
magnetosheath. The boundary crossing is identiﬁed by an in-
crease in bulk ﬂow particularly in the Vx and Vz components.
Both the perpendicular and parallel components of the tem-
perature decreased and the T⊥ component became dominant.
The magnetic ﬁeld strength in the magnetosheath increased
and became less variable compared to that observed within
the cusp.
The electron population observed by C3 is shown in Fig. 3.
Both Figs. 3 and 2 display the same time period. The ener-
getic part of the population, with energies from 37–400keV
was measured with RAPID. The lower energy portion of the
population from 22eV–26.4keV was measured with PEACE
(Johnstone et al., 1997). The electron ﬂux shows large en-
hancements while inside the exterior cusp which cut off
quickly once the spacecraft crossed the magnetopause. There
is no obvious energy dispersion in the ﬂux. The pitch angle
distribution for electrons with energies between 37keV and
51keV was measured by RAPID and is shown in panel (b)
of Fig. 3. Since the magnetic ﬁeld strength in the magne-
tosheath is larger than that in the CDC, and we know the
magnetic ﬁeld strength will increase going down the throat
of the cusp, there is a magnetic trap within the exterior cusp.
Assuming a magnetic ﬁeld strength of 43nT in the magne-
tosheath and using Eq. (1),
αc =sin−1(
p
B/Bmirror) (1)
the trapped portion of the distribution can be identiﬁed. In
Eq. (1) Bmirror is the magnetic ﬁeld strength at the mirror
point, αc is the local cut off pitch angle for a trapped par-
ticle and B is the local magnetic ﬁeld strength. The black
line over plotted in panel (b) of Fig. 3 shows αc and outlines
Ann. Geophys., 28, 983–992, 2010 www.ann-geophys.net/28/983/2010/B. M. Walsh et al.: Cusp energetic electrons 985
C3
               
100
1000
P
r
o
t
o
n
 
 
E
n
e
r
g
y
 
[
k
e
V
]
 
 
 
 
               
               
a)
Lobe Cusp Magnetosheath
1
10
100
1000
10000
F
l
u
x
 
1
/
(
c
m
^
2
 
s
 
s
t
e
r
 
k
e
V
)
               
0
5
10
15
20
T
e
m
p
 
[
M
K
]
T
perp T
par
b)
               
1
10
n
p
 
[
c
m
-
3
]
c)
               
-200
-100
0
100
200
V
 
[
k
m
/
s
] Vx
Vy
Vz
d)
17:00 17:30 18:00 18:30 19:00 19:30 20:00 20:30
0
50
100
150
B
 
[
n
T
]
d)
UT
X
GSM [Re]  2.0  2.9  3.8  4.7  5.5  6.3  7.1  7.8
Y
GSM [Re]  0.3  0.4  0.6  0.7  0.8  0.9  1.0  1.0
Z
GSM [Re]  6.5  6.8  6.9  7.0  7.1  7.1  7.0  6.9
Fig. 2. Observations by C3 while passing through the exterior cusp. Panel (a) is energetic ion measurements from RAPID. The plasma
moments in panels (b), (c), and (d) were measured by HIA. Panel (d) is the magnetic ﬁeld strength measured by FGM. The vertical dashed
lines identify where we have deﬁned the spacecraft transition between the different magnetospheric regions.
the trapped portion of the population. Particles that are be-
tween the black line and 90◦ are trapped. The majority of
the energetic electron ﬂux falls within these trapping limits.
This format of overlaying a trapping limit onto a pitch angle
time series was ﬁrst shown by Nykyri et al. (2009). Nykyri
et al. (2009) showed that assuming conservation of the ﬁrst
adiabatic invariant for the cusp observations by Cluster on
14 February 2003, the energetic electrons observed may not
directly originate from the magnetosheath or the magneto-
sphere. The current work presents a different case study and
investigates the expected characteristics of each of the pro-
posed sources for energetic electrons in the exterior cusp.
The phase space density was calculated using the ﬂux
measurements from the RAPID and PEACE detector to de-
termine the possible connection of the cusp electron popula-
tion with the adjacent regions (Fig. 4). The phase space den-
sity as a function of the ﬁrst adiabatic invariant (µ) shows the
phase space density of the electrons to be much higher in the
exterior cusp than in the lobe or magnetosheath.
The solar wind IMF varied in magnitude but was primarily
northward with a positive By and a negative Bx component.
The upstream conditions measured by WIND and time prop-
agated to the magnetopause are shown in Fig. 5. The Vx
component of the solar wind was relatively steady, growing
gradually from 533km/s to 560km/s. The dynamic pressure
gradually increases as well from 2.0 to 3.2nPa. Some of the
variation in energetic electron ﬂux observed by C3 (panel a,
Fig. 3) may have been the result of the cusp moving over the
spacecraft due to variable IMF conditions. The ﬁrst observa-
tionsofenhancedelectronﬂuxwithinthecuspnear17:51UT
andagainat17:56UTappeartobeinaregionwheretheelec-
trons are not geomagnetically trapped within the cusp. The
magnetic ﬁeld strength (panel d, Fig. 3) changes signiﬁcantly
as the electron ﬂux becomes enhanced and dissipates as well,
indicating that the variation in ﬂux is a result of cusp motion
or compression. As the cusp moves or is compressed the
spacecraft is observing different regions with different geo-
magnetic ﬁeld strengths.
3 Potential sources
With the observations of this event, we can test the three pos-
sible sources for the energetic electrons observed in the mag-
netospheric cusp. Electrons originating from each source
may have access to the cusp, however the characteristics of
the electrons in the cusp and adjacent regions are different
from different sources. By analyzing these signatures, we are
able to identify which source is the main contributor to the
energetic electron population in the cusp during this event.
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Fig. 3. Electron and magnetic ﬁeld measurements by C3. Panel (a) is omnidirectional ﬂux of energetic electrons from 37keV–400keV
measured by RAPID. Panel (b) gives ﬂux of electrons from 37–51keV with pitch angle as measured with the L3DD mode on RAPID. The
black line overplotted in panel (b) shows the cutoff pitch angle which would trap electrons within the cusp. Panel (c) in omnidirectional
electron ﬂux from 22eV–26.4keV as measured by PEACE. The magnetic ﬁeld strength is given in panel d. The vertical dashed lines identify
where we have deﬁned the spacecraft transition between the different magnetospheric regions.
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Fig. 4. Electron phase space density measured in the cusp, lobe, and
magnetosheath as a function of the ﬁrst adiabatic invariant. The col-
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3.1 Solar source
Energetic electrons propagating from the sun could have ac-
cess to the cusp, however one would expect to observe them
upstream before observing them in the cusp. Upstream ob-
servations by from the Electron, Proton, and Alpha Monitor
(EPAM) (Gold, 1998) on ACE from 10:00 to 20:00UT on 27
February 2005 reveal no energetic electron enhancements at
four bands ranging from 38 to 315keV (Fig. 7). During this
time period ACE was primarily upstream, with its location at
(X, Y, Z)=(218.8, 11.1, −0.6)RE in GSE. Since there are no
observed upstream ﬂux enhancements during, and leading up
to the event, it does not appear to be a reasonable source for
this event.
The pitch angle distribution in the exterior cusp is also in-
consistent with a solar source. Since the magnetic ﬁeld in the
magnetosheath is larger than that in the cusp, a pitch angle
distribution would become more ﬁeld aligned when entering
a region of lower magnetic ﬁeld to conserve the ﬁrst adia-
batic invariant. The energetic electrons in the exterior cusp
are primarily at a pitch angle of 90◦, therefore solar electrons
can not be the primary source for the energetic population in
the cusp.
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Fig. 5. Solar wind conditions measured by WIND and propagated to the magnetopause. Panel (a) is the magnetic ﬁeld components in GSM.
Panels (b) and (c) are the bulk plasma ﬂow components. The dynamic pressure is given in panel (d).
Since the magnetic ﬁeld strength is variable during this
cusp crossing, the role of pitch angle scattering must also be
considered. Whether the magnetic ﬁeld seen by the electron
is varying due to cusp motion, wave activity, or a magnetic
null associated with reconnection traveling through the cusp,
a turbulent magnetic ﬁeld could cause the ﬁrst adiabatic in-
variant to be violated and subsequently modify the particle’s
pitch angle. A 40keV electron similar to that shown in the
pitch angle distribution (PAD) in panel (b) of Fig. 3 travels
at roughly 18.5RE/s. This means if pitch angle scattering
is to scatter a ﬁeld aligned electron traveling from another
source through the cusp, it needs to be able to efﬁciently scat-
ter the pitch angle in a fraction of a second. The role pitch
angle scattering is playing can be determined to an extent by
looking at the PAD as shown in Fig. 6. If strong scattering
is playing a signiﬁcant role and pitch angles are being scat-
tered randomly, one would expect an isotropic PAD. Since
the PAD in Fig. 6 shows a strong peak at 90◦ with a loss
cone near 0◦ and 180◦, it is unlikely the distribution has been
heavily inﬂuenced by strong pitch angle scattering. From
the observed PAD, a particle ﬂowing through the cusp in a
fraction of a second is unlikely to become scattered into the
trapped portion of the PAD.
Lastly, the phase space density in the cusp is higher than
that in the magnetosheath as shown in Fig. 4. If the elec-
trons were entering the cusp via the magnetosheath, the
phase space density in the magnetosheath would be the same
or higher than the cusp. Invoking Liouville Theorem, this
means the electron population in the cusp can not be coming
from the magnetosheath at this time.
In agreement with this case study, a statistical study by
Formisano (1979) of 40keV–2MeV electrons in the mag-
netosheath and along the high latitude magnetopause has
shown the electrons in this region primarily come from the
cusp. This was demonstrated through three main observa-
tions: (1) electron ﬂux dropped off with distance from the
cusp; (2) with increasing distance from the cusp, the electron
energy spectrum hardened; and (3) the electron anisotropy
and the magnetic ﬁelds indicate that the electrons are propa-
gating away from the cusp along magnetic ﬁeld lines. With
our case study and the previous statistical work, we conclude
that solar energetic electrons are not a primary source for en-
ergetic electrons in the cusp.
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Fig. 6. Pitch angle distribution for electrons from 37–51keV mea-
sured by RAPID on C3. The measurements were taken during the
time period 18:40–18:45UT. The pitch angle bin size is 15◦ and is
shown by the error bars.
3.2 Equatorial source
Interaction of the solar wind with the geomagnetic ﬁeld
causes a compression at the dayside magnetopause. As a
result of the compression, the equatorial minimum in the
geomagnetic ﬁeld bifurcates and moves to high latitudes
for large L-shells (Mead, 1964). Particles drifting through
these L-shells will subsequently travel to the high latitudes
on the dayside rather than simply drifting along the equator
(Antonova and Shabansky, 1968; Shabansky, 1968). Del-
court and Sauvaud (1998, 1999) have used single particle
traces to show that rather than being stably trapped, energetic
ions from the outer radiation belt and ring current that move
to high latitudes on the dayside are dynamically trapped for
short time periods and are then scattered back to the night
side. Simulations of energetic electrons in the high latitude
dayside region and in the absence of an electric ﬁeld have
shown similar results with large stable trapping regions cov-
ering a broad area (Zong et al., 2005).
To test the ﬂexibility of a particle trajectory that could lead
energetic electrons to the high-latitude dayside, we modeled
the drift path of energetic electrons with a fully relativistic
three-dimensional particle trace. The full Lorentz force is
solved with a 4th order Runge-Kutta method to propagate the
particles. The TS04 magnetic ﬁeld model (Tsyganenko and
Sitnov, 2005) as well as the equatorial Volland-Stern elec-
tric ﬁeld model (Stern, 1975; Volland, 1978) are used. The
electric ﬁeld vector at positions off the equator was found by
treating the magnetic ﬁeld lines as equipotentials and propa-
gating the Volland-Stern vector along the magnetic ﬁeld line.
Given a particle’s initial mass, charge, energy, location, pitch
angle, and gyrophase, the tracer can model a particle’s pro-
gression in the magnetosphere.
We conﬁrmed that energetic electrons starting within a
narrow equatorial region on the night side will drift to a bi-
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Fig. 7. Upstream energetic electron observations from EPAM on
ACE from 27 February 2005. Each energy channel is displayed
with a 5min time cadence.
furcation point on the dayside and populate the high-latitude
dayside either in the Northern or Southern Hemisphere.
The values input to the electric and magnetic ﬁeld mod-
els were kp=3, nsw=4.85cm−2, Dst=−3nT, vsw=538km/s,
By=2.8nT, Bz=3.2nT. Using these conditions for the 27
February 2005 event, a 200keV electron with an initial pitch
angle of 90◦ and starting at GSM (X, Y, Z)=(−10.5, 0.0,
0.0)RE will drift to the high latitude dayside. The elec-
tron will continue around the contour of constant B at high-
latitude and then drift back to the equator. The nightside
equatorial region tracing to the high-latitude dayside is rel-
atively narrow as the same 200keV electron starting at (X, Y,
Z)=(−9.5, 0.0, 0.0)RE willnotbifurcateandwillsimplydrift
eastward along the equator and back to the nightside. Addi-
tionally, a 200keV electron starting at (X, Y, Z)=(−11.5, 0.0,
0.0)RE under the same solar wind conditions will drift into
the magnetopause compressed on the dayside and will be lost
from the system. These drift paths are shown in Fig. 8.
Sheldon et al. (1998) modeled energetic electrons through
thehighlatitudedaysideminimumandfoundittobeasteady
trapping region without the presence of an electric ﬁeld. Our
results are more consistent with the prediction of Delcourt
and Sauvaud (1999) who incorporated an electric ﬁeld and
showed energetic ions that drift to the high latitude dayside
are dynamically trapped and will eventually return to the
equator.
With knowledge of how the electrons drift to the high lat-
itude dayside, we can test if this is consistent with the ob-
servations. If the equatorial electrons populate a wide por-
tion of the high-latitude region, as shown in the particle trace
(Fig. 8), and are the primarily source for the electrons ob-
served in the cusp, the phase space density of the cusp elec-
trons should be similar to or the same as in the adjacent
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magnetospheric regions. Fig. 4 shows the phase space den-
sity in the cusp is much higher than the lobe region therefore
they can not be from the same source.
Another reason a nightside equatorial source is inconsis-
tent with the observations is that there is no apparent en-
ergy dispersion in the electron ﬂux. A packet of electrons
injected from the night side and drifting to the dayside high
latitude would drift at different rates and produce an energy
dispersion when observed in the cusp. This effect has been
observed and modeled with electrons injected on the night-
side and drifting to other regions of the magnetosphere (Lut-
senko et al., 2000, 2005). The observed energetic electron
ﬂux shows no obvious energy dispersion (panel a, Fig. 3),
therefore electrons from the radiation belt can not be the pri-
mary source for the energetic electrons in the exterior cusp
during this event.
Asikainen and Mursula (2005, 2006) proposed a varia-
tion to the nightside source. Rather than drifting to the cusp
(Blake et al., 1999; Delcourt and Sauvaud, 1999), Asikainen
and Mursula (2005, 2006) suggested electrons could be re-
leased from the high latitude plasma sheet (HLPS) equa-
torward of the cusp to the exterior cusp via reconnection.
Flux transfer event (FTE) signatures have also been observed
with connections to bursts of energetic electrons (Zong et al.,
2003; Asikainen and Mursula, 2006). These bursts of ener-
getic electrons with FTE give evidence that when the geom-
etry is appropriate, electrons can be released from the HLPS
into the cusp. These events can be identiﬁed from the bursty
nature of the ﬂux and the electron pitch angle distributions.
A 200keV electron travels at roughly 40RE/s, so particles
entering the cusp via reconnection will bounce out of the
cusp quite quickly and a show little ﬂux between bursts. The
pitch angle distribution of electrons released from the HLPS
would be close to ﬁeld aligned in the exterior cusp since the
magnetic ﬁeld strength in the HLPS is greater than that of
the cusp. The observations of energetic electrons during the
27 February 2005 event show a trapped pitch angle distribu-
tion centered around 90◦ for almost two hours and is there-
fore inconsistent with electrons released to the cusp from the
HLPS. Energetic electrons coming from the HLPS are likely
to contribute to the population under some conditions, how-
ever, this event shows observations where the bulk of ener-
getic population is not consistent with a HLPS source.
During the current study, the IMF Bz component remained
positive for the entire event with the exception of a several
minute period near 19:00UT, while the IMF By remains pos-
itive after 18:00UT (Fig. 5). In the frame of antiparallel re-
connection, the reconnection site would be poleward of the
cusp, and the cusp location would move towards the dusk-
side in the Northern Hemisphere due to the IMF conditions
(Crooker, 1979). The magnitudes of the components are
variable, however while the IMF Bz component remains pos-
itive, the reconnection site is anticipated to remain polward
of the cusp. Reconnection in this location would cause two
reconnected ﬂux tubes, one moving equatorward that could
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Fig. 8. Electron (E=200keV) trajectories traced in a TS04 model
magnetic ﬁeld (Tsyganenko and Sitnov, 2005) and a Volland-Stern
electric model (Stern, 1975; Volland, 1978). Each electron is re-
leased with a gyrophase of 0 and a pitch angle of 90◦. The black
trace is an electron released at GSM (X, Y, Z)=(−9.5, 0, 0)RE
which drifts around the equator and returns to the night side. The
green trace is an electron released at (X, Y, Z)=(−10.5, 0, 0)RE that
moves to high latitude on the dayside and drifts around the cusp.
Lastly, the red trace is an electron released at (X, Y, Z)=(−11.5,
0, 0)RE that collides with the magnetopause on the dayside and is
lost from the system. The light blue lines show a modeled magne-
topause (Shue et al., 1998) drawn for reference.
pass through the cusp and one moving tailward. Cluster
passed through the lobe region prior to the cusp and observed
very low energetic electron ﬂux (panel a, Fig. 3). Since very
few energetic electrons were observed in the lobe, an FTE
traveling from a reconnection site poleward of the cusp to the
cusp would not deliver energetic electrons as is sometimes
seen during time periods with reconnection equatorward of
the cusp (Zong et al., 2003; Asikainen and Mursula, 2006).
3.3 Local source
A local acceleration source seems to be consistent with the
observations, and therefore is likely the primary source for
energetic electrons in the exterior cusp for this event. If lo-
cal acceleration was the dominant source, one would expect
a higher phase space density in the cusp than in adjacent re-
gions. This was observed and is shown in Fig. 4. The phase
space density for electrons with E >100eV and up to the en-
ergy limit of the RAPID detector (400keV), is signiﬁcantly
larger in the cusp than in the lobe and magnetosheath adja-
cent to the cusp. A local or near by source would also show
no time energy dispersion which is observed and can be seen
inFig.3, panel(a). Thepitchangledistributionalsoimpliesa
trapped energetic distribution within the CDC. This is incon-
sistent with electrons entering from an adjacent region with
a stronger magnetic ﬁeld strength. Panel (b) of Fig. 3 shows
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the majority of the electron ﬂux is within the cut off trapping
pitch angle. All of these signatures indicate signiﬁcant local
acceleration of the electrons up to several hundreds of keV.
There have been several mechanisms suggested to be ca-
pable of accelerating the particles within this region. Chen
(2008) showed that the large ﬂuctuations in magnetic and
electric ﬁelds observed in the cusp are often sufﬁcient to en-
ergize particles up to several hundred keV in seconds through
cyclotron resonance. Test particle simulations by Otto et al.
(2007) have shown the potential formed due to reconnection
under northward IMF can also accelerate particles efﬁciently.
The magnetic geometry provides a trap for particles which
can drift around the diamagnetic cavity and through the po-
tential, gaining energy. Both mechanisms would primarily
energize particles with perpendicular energy which is consis-
tent with the electron population observed in this case study.
4 Potential magnetospheric impact
A layer of energetic electrons primarily above 40keV and
up to several MeV has been shown to be a consistent feature
along the high latitude magnetopause from the region just
poleward of the cusp down the magnetotail (Meng and An-
derson, 1970, 1975). The electrons in this layer are ﬂowing
tailward and show a peak in ﬂux near the cusps (Domingo
et al., 1977). These are indicators this population originates
within or streams through the cusp. Baker and Stone (1977)
emphasized the importance of this population by showing
this magnetopause electron layer carried signiﬁcant current
and energy downtail. If electrons are being accelerated in the
cusp to several hundred keV, they could be a major source
of the magnetopause electron layer. Although the 27 Febru-
ary 2005 event presented in this paper shows a population
primarily trapped within the CDC, a shift in magnetospheric
conﬁguration or a change in magnetosheath magnetic ﬁeld
strength to levels closer to that in the cusp would cause elec-
trons to ﬂow out of the cusp into the magnetosheath and
along the magnetopause.
The spectral characteristics of the cusp population also
appear to be similar to that downstream along the magne-
topause. Duringthetimeperiodbetween18:20and18:30UT
on 27 February 2006, the ﬂux distribution between 40 and
400keV is represented by a power law with a slope of
α=−1.80 where Flux∼A·Eα, E is energy and A is a con-
stant. Meng and Anderson (1975) measured a power law
with a slope of α=−1.94±0.19 for electrons downstream
along the magnetopause. It’s likely that local acceleration
of electrons in the cusp can contribute to the electron popu-
lation ﬂowing downtail along the magnetopause.
Parts of the energized population along the magnetopause
will subsequently gain access into the plasma sheet and mag-
netotail along the ﬂanks due to gradient drift entry (GDE)
(Olson and Pﬁtzer, 1984). The exact role GDE may play in
allowingsolarwindparticlestocrossthemagnetopausehow-
ever is unclear. Olson and Pﬁtzer (1985) proposed that most
of the shocked solar wind population striking the magne-
topausecouldcrosswhileTreumannandBaumjohann(1988)
suggested that just 5% of the magnetosheath plasma could
penetrate. What is clear however, is that the energetic elec-
trons observed in the cusp and then encountering the mag-
netopause will have a greater ability to cross the magne-
topause via GDE than the magnetosheath plasma which typ-
ically contains fewer energetic particles. GDE is more efﬁ-
cient for particles of with larger gyroradii, so the more ener-
getic particles will have more access to the plasma sheet and
magnetotail.
This access into the magnetosphere via GDE also changes
with IMF direction. During periods of northward IMF, when
the dawn-dusk electric ﬁeld is small, the access is enhanced
forparticlesofallenergies, whileundersouthwardIMF,ave-
locity ﬁlter exists that prevents less energetic particles from
crossing the magnetopause (Zhou et al., 2005). Zhou et al.
(2005) has suggested this differences between the GDE efﬁ-
ciency during northward and southward IMF could be related
to the formation of the plasma sheet. The cold and dense
plasma sheet generally observed during northward IMF ver-
sus the hot and tenuous plasma sheet observed during south-
ward IMF are consistent with the populations one would ex-
pect to be crossing the magnetopause by GDE during each
IMF orientation. If acceleration in the exterior cusp is efﬁ-
cient enough to be contributing to the energetic particle pop-
ulation along the magnetopause, it could play a role in en-
hancing the GDE and populating the plasma sheet.
5 Conclusions
Through analyzing properties of energetic (E > 40keV)
electrons in the exterior cusp measured by Cluster on 27
February 2005, we have determined local energization is the
primary source of this population. We compared spacecraft
observations by C3 with expected measurements for (1) a
solar energetic electron source, (2) an equatorial outer ring
current or radiation belt source and (3) local energization. It
is expected that all three sources have access to the cusps,
however each one would show different characteristics in the
cusp and adjacent magnetospheric regions. Local energiza-
tion is the only source that is fully consistent with the mea-
surements, thus we select it as the primary source of the en-
ergetic electron population in the exterior cusp during this
event. Although other sources may contribute to the ener-
getic population within the cusp under certain conditions,
this event serves as evidence that the cusp is capable of ac-
celerating large amounts of particles to energies of several
hundred keV.
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